The first regioselective enzymatic alkoxycarbonylation of primary amino groups has been achieved in pyrimidine 3',5'-diaminonucleoside derivatives. Thus, Candida antarctica lipase B (CAL-B) catalyzed this reaction with non-activated homocarbonates allowing the selective synthesis of several N-5' carbamates, including (E)-5-(2-bromovinyl)-2'-deoxyuridine (BVDU) analogues, with moderatehigh yields, whereas immobilized Pseudomonas cepacia lipase (PSL-C) afforded mixtures of alkoxycarbonylated regioisomers. To obtain N-3' carbamates selectively, a short and efficient chemoenzymatic route was used employing some of the N-5' protected derivatives previously synthesized.
First, pyrimidine diaminonucleosides were synthesized through efficient routes previously described for us.
14 For the alkoxycarbonylation reaction, non-activated carbonates were used as carbonylating agents since amines are much more nucleophilic than alcohols and oxime carbonates react nonenzymatically with the substrates. Specifically, homocarbonates were used because their symmetrical structure gives a single unambiguous product. For 3',5'-diamino-2',3',5'-trideoxyuridine (1, Scheme 1), a mixture of THF/Py was chosen to dissolve it, whereas for 3',5'-diamino-3',5'-dideoxythymidine (2) and (E)-3',5'-diamino-5-(2-bromovinyl)-2', 3',5'-trideoxyuridine (3) , THF was used as solvent. The enzymatic reactions were carried out in the presence of molecular sieves (4 Å), which catalyzed these processes. 15 In order to reach high conversions, ratios of alkoxycarbonylating agents have been established. We focused on CAL-B as biocatalyst since this enzyme has demonstrated an excellent regioselectivity towards the amino group at the 5' position in the enzymatic acylation of diaminonucleosides.
14 The study begins with the diamino derivative of 2'-deoxyuridine (1). Thus, when the reaction was carried out with 10 equiv of diethyl carbonate at 50 ºC, the formation of a single product was observed (monitored by TLC), which corresponded to monoalkoxycarbonylated derivative at N-5', 4a being isolated with 67% yield after flash chromatography (entry 1, Table 1 ). We also confirmed that no reaction occurred in the absence of the enzyme. 16 The structure of this compound was ascertained from its 1 H NMR (MeOH- -3',5' nor N-3 ' alkoxycarbonylated derivatives were formed, despite the fact that both amino groups are primaries.
To confer versatility to this enzymatic reaction, other alkoxycarbonyl moieties were introduced. Thus, 6 equiv of the more reactive diallyl carbonate at 40 ºC were used to alkoxycarbonylate with total regioselectivity 1 at the 5' position, yielding 4b with 69% (entry 2, Table 1 ). On the other hand, when dibenzylcarbonate was used, it was necessary to increase the carbonate ratio to 20 equiv and the temperature up to 60 ºC due to the lower reactivity of this agent. 17 After seven days, the N-Cbzderivative 4c was isolated exclusively with 45% yield, recovering a substantial amount of unreacted starting material (entry 3, Table 1 ).
When similar processes were carried out with thymidine and (E)-5-(2-bromovinyl)-2'-deoxyuridine derivatives 2 and 3, respectively, comparable behavior was observed. CAL-B showed total regioselectivity toward the 5'-NH 2 , isolating exclusively compounds 5 and 6 with moderate-high yields (entries 4-9, Table 1 ), and recovering part of unreacted diaminonucleosides with dibenzyl carbonate as carbonylating agent.
Then, we tried to find a biocatalyst which alkoxycarbonylated the amino group in the 3' position. For that, immobilized Pseudomonas cepacia lipase (PSL-C), which has shown an excellent regioselectivity in the acetylation of 3'-NH 2 in 3',5'-diaminonucleosides was chosen (Scheme 2). 14 The results are summarized in Table 2 . Table 2 ).
Similar results were observed when substrates 2 and 3 were subjected to alkoxycarbonylation with PSL-C (entries 3-6, Table 2 ). A mixture of both N-3' and N-5' alkoxycarbonylated regioisomers was obtained, the latter being the main product when diallyl carbonate was utilized. In the case of dibenzyl carbonate, which had already shown low reactivity with CAL-B, the reaction did not occur.
Since direct enzymatic methodology did not allow for N-3' alkoxycarbonylated nucleoside derivatives with good yields, an orthogonal protection scheme was designed. The strategy starts with the protection of the 5'-NH 2 group, subsequent derivatization of the N-3' amine as a carbamate, and finally selective deprotection of the 5' position.
We decided to synthesize the N-3'-Cbz derivatives 7c-9c (Scheme 3) due to the ease of removing this protecting group for further modifications. To selectively protect the 5'-position, reaction of 1 with trityl chloride, a reagent with a very appropriate bulky group to modify that position in natural nucleosides was carried out. However, a mixture of regioisomers was obtained due to the major nucleophilic character of the amine groups. 5 '-diaminonucleoside analogues through a short and efficient chemoenzymatic route with high overall yield. It is noteworthy that a new family derived from BVDU has been obtained.
Preliminary studies with some of these carbamate derivatives have been performed against several viruses. 19 They show better results than the unmodified 3',5'-diaminonucleosides. 20 The complete study of the biological activity of these new derivatives will be reported in due course. Tables 1 and 2 ). Then, the enzyme and molecular sieves were filtered off and washed with MeOH 
